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(54) SOUNDER 

(57) A sounder has a first plate 1 that is molded into 
a lower case. The first plate functions not only as part of 
a magnetic circuit but also as a terminal on the outside 
of the sounder The first plate has a coil positioned 
around a center pole on the first plate and a coil connec- 
tor for attachment to an end of the coil. A second plate 5 
is molded into the lower case and also has a coil con- 
nector for attachment to another end of the coil. Accord- 
ingly, both ends of the coil can be coupled to the 
connectors on the inside of the sounder With this 
arrangement, the outside of the plates are corxJuctive to 
an outside connector terminal, thereby eliminating hav- 
ing to pull out t>oth ends of the coil from behind the 
plates. 
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Description 

Background of the Invention 

The present invention relates to a sounder, which is s 
used for producing a "ringer sound" by reprodudng a 
specific frequency band-width The sounder is built in 
various mobile communication apparatus. 

A conventional sounder is depicted in Fig. 4A and 
Fig. 4B. Fig. 4A is a plan view of a conventional 
sounder, and Fig. 48 is a cross sectional view of the 
same sounder. 

A ring-shape magnet 21 is formed by injection 
molding a resin magnet. A plate 22 is formed by an 
insert mold at the same time as when the ring-shape 
magnet 21 is produced by injection molding. The plate 
22 has a center pofe 23. a hole 24 for leading out the 
ends of a coil 26, and a hole 25 for providing the back 
side of the sounder with an opening. 

The coil 26 is laid around the center pole 23 of the 
plate 22. Each end of the coil 26 is pulled out from the 
hole 24 of the plate 22, and connected to an electrode 
of a printed drcuit board 27, which board is coupled to 
the back side of the plate 22. A diaphragm 28 is dis- 
posed on the magnet 21 to cover an outer periphery of 
the magnet 21 so that a uniform magnet gap 29 can be 
provided between the diaphragm 28 and an upper face 
of the center pole 23. 

A resonant cover 30 is connected to the outer 
periphery of the magnet 21 so that the upper side of dia- 
phragm 28 can be blocked. The resonant cover 30 com- 
prises a hole 31 on a side thereof for releasing sound, 
and an air chamber 32 above the diaphragm 28. A ter- 
minal 33 is soldered to the resonant cover 30 through a 
hole punched in the printed circuit board 27. 

A rectangular wave signal is applied to the coil 26 
via the terminal 33 of the conventional sounder of the 
above structure, and thereby produces a magnetic field 
through a magnetic circuit comprising the magnet 21 
and the plate 22. The magnetic force produced by this 
magnetic field draws the diaphragm 28. which is made 
of high permeable materiai such as permalloy, toward 
the center pole 23 of the plate 22 so that the diaphragm 
28 is attracted to the upper surface of the center pole 
23. Thus, the diaphragm 28 becomes deflected. 

Since a rectangular wave signal is applied to the 
coil 26, the diaphragm 28 deflects and then restores 
repeatedly, thereby reproducing a specific sound of fre* 
quency bandwidth. However, there are problems with 
the conventional sounder. For instance, the coil 26 is not 
wound directly around the center pole 23. Rather, the 
coil 26 is wound by a separate process, and then placed 
around the center pde 23. However, first both ends of 
the coil 26 have to be pulled out through the same hole 
24 to the back side of the printed circuit board 27. Then, 
the coil 26 is positioned around the outside of center 
pole 23. and glued to the center pole. Each erxf of the 
coil 26, which has been pulled out to the back side of the 
plate 22, is then connected with an electrode on the 



printed circuit board. Then, the terminal 33 is connected 
with an electrode on the printed circuit board. 

As described above, too many components and 
steps are required to form, position and mount the coil 
26 in a specified place, and to be connect the ends of 
the coil to the backside of the sounder. As a result, the 
process of assembling the sounder is not very efficient, 
and can easily result in a sounder that malfunctions. 

For example, when connecting the ends of the coil 
26 to prirtted circuit board, the electrodes may be con- 
nected with a wrong polarity. Or, the adhesive used in 
gluing the coil 26 to the center pole may touch the dia- 
phragm 28. and cause the sounder to malfunction. 

The present invention intends to solve such prob- 
lems with a high quality sounder that is assembled with 
fewer components and stops. The sounder, according 
to the present invention, is small and slim, and yet is 
capable being assembled with high efficiency. 



In order to solve the above problems, the sounder 
according to the present invention comprises the follow- 
ffig: 

(a) a center pole, 

(b) a coil wound around the center pole, 

(c) a first plate that is molded to a lower case, and 
whose base and a part of its periphery are 
exposed, said first plate having the center pole and 
a connector connected to an end of the coil, 

(d) a second plate that also is molded to tfie lower 
case, arxJ whose base and a part of its periphery 
are exposed, said second plate having a connector 
connected to another end of the coil, 

(a) a magnet disposed on the periphery of the coil 
inside the lower case, 

(Q a diaphragm disposed over an upper side of tiie 
magnet and an upper face of the center pole and 
spaced above the center pole, and 
(g) an upper case coupled with the lower case cov- 
ering an upper face of the diaphragm, the upper 
case having a sound-release-path for releasing 
radiated sound to the outside. 

According to tiie above structure, the first plate 
which is mokled to the lower case forms a magnetic cir- 
cuit, and has a connector for the coil. The second plate 
also has a connector for the coil. The back side of the 
first and second plates can be used as connectors on 
tiie outside of the sounder. Thus, the coil can be con- 
ductive to the outside simply by being connected to tiie 
connectors on the inside of the sounder, thereby elimi- 
nating the structure and steps needed for txjth ends of 
tiie coil to be pulled through a hole to the outside of a 
conventional sounder for connections the back side of 
the sounder. 

Both ends of the coil can be coupled with ease to 
connectors on the upper surfeces of the first and sec- 
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ond plates. Thus, the coil can be wound directly around 
the center pole. 

As a result, a number of components, as well as the 
number of steps is reduced with the present invention, 
which also make the assembly process more efficient s 
and improves the a quality level of the sounder. 

Brief Descrption of the Drawings 

Fig. 1 A is a plan view depicting an embodiment of io 
the sounder according to the present invention. 

Rg. IB is a cross section of Fig. 1 A taken along a 
line A-A. 

Fig. 1C is a cross section of Fig. 1 A taken along a 
line B-B. is 

Fig. 2A is a plan view depicting another embodi- 
ment of the sounder. 

Fig. 2B is a cross section of Fig. 2A taken along a 
line A-A. 

Fig. 2C is a cross section of Fig. 2A taken along a 20 
line B-B. 

Fig. 2D is a cross section of Fig. 2A taken along a 
line C-C. 

Fig. 3A is a plan view depicting still another embod- 
iment of the sounder. 2s 

Fig. 3B is a cross section of Fig. 3A taken along a 
line A-A. 

Rg. 3C is a cross section of Fig. 3A taken along a 
line C-C. 

Rg. 3D is a side view of a sound-release path that 30 
is an essential part of the sounder. 

Fig. 4A is a plan view of a conventional sounder. 

Fig. 4B is a cross section of Fig. 4A taken along a 
line A-A. 

35 

Preferred Embodiments of the Invention 
Embodiment 1 

A first emtxxliment is described witii reference to 40 
Fig. 1 A through Fig. 1C. 

A first plate 1 is molded to a lower case 4 so that its 
base and a part of its periphery is exposed. The first 
plate 1 has a center pole 2 and a coil connector 3a. A 
second plate 5 is also molded to the lower case 4 so 45 
that its base and a part of its periphery is exposed. The 
second plate 5 has also a coil connector 3. 

Outer connector terminals 6 are mounted to the 
exposed parts of the first and second plates 1 . 5. 

A coil 7 is wound around the center pole 2. and so 
each end of the coil is coupled with a coil connectors 3, 
3a, respectively, which are mounted to the first and sec- 
ond plates 1 . 5, respectively. 

A ring-shape magnet 8 is disposed In an outer 
periphery of the coil 7. The ring-shape magnet 8 is ss 
formed by molding a resin magnet. 

A diaphragm 9 that is made of high permeat)le 
material is situated above the periphery of the resin 
magnet 8 with a specified gap formed between tiie back 



or bwer face of the diaphragm and the upper face of tiie 
center pole 2. 

An upper case 10 is connected to the lower case 4 
so that tiie upper case 10 can block the front face of tiie 
diaphragm 9 and form an air chamber 1 1 above the dia- 
phragm 9, as well as provide a sound release patii 
through the opening 12 for radiated sound. 

The first plate 1 may be molded to the lower case 4 
by insert molding. The second plate 5 can also be 
insert-molded to the lower case 4. The ring-shape mag- 
net 8 cahn be formed by injection molding a resin mag- 
net. 

The above structure allows the sounder of the 
present invention to conned botii ends of the coil 7 on 
the inside of the sounder by connecting an and of tiie 
coil upper face to a connector on one of the plates 1 . 5. 
In this manner, the coil 7 can be conductive to the outer 
connector terminals 6 without having to pull each of tiie 
ends of the coil to the outside to make a connection. 
The step of pulling out botii ends of coil 7 to the back 
side of the plates is eliminated. 

Embodiment 2 

Rg. 2A through Rg. 2D depict another embodiment 
of the sounder. The same symbols are used for the 
same parts desaibed in Emtxxliment 1. 

in the second embodiment, a center pole 13 has an 
upper face that is wider than the body. In particular, the 
center pole is formed with an upper lip for preventing a 
coil 7, which is wound around the center pde 13 from 
being moved out into a magnetic gap between the 
center pole 13 and the diaphragm 9. 

A first plate la, which has a coil connector 3a, is 
insert-molded with a lower case 4a, so that a base face 
and a part of its periphery are exposed. The center pole 
13 is mounted in the center of the first plate la. 

A center portion of the first plate 1 a. which holds the 
center pole 13, is shaped as a cylinder 14 by drawing. 
Thus, a contacting area witii the center pole 13 
becomes wider thereby inaeasing the efficiency of per- 
meability of tiie contacting area. 

A second plate 5a, having tiie coil connector 3. is 
also insert-molded into the lower case 4a, so tiiat a 
base face and a part of its periphery are exposed. 

The coil 7 is wound around the center pole 13. and 
each end thereof is coupled to a coil connector 3a, 3 
provides on the first plate la and second plate 5a 

A solder pool 15 (a dint) is provided on each of tiie 
coil connectors 3, 3a as shown in Fig. 2D. to prevent sol- 
der from flowing out to a plate when the ends of the coil 
are sokJered to the respective coil connectors. 

A cylindrical portion 1 4 of the first plate 1 a on which 
the coil 7 is positioned has a raised part witti a channel 
16 formed therein. This raised portion serves to elevate 
the coil 7 relative to tiie inside face of tiie first plate la. 
With such an arrangement, the ends of the coil 7 are 
closer to the respective coil connectors 3, 3a. 

Each end of the coil 7 is not connected to a coil con- 
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nectors in a taunt manner. Rather, each end of the coil 
is connected to a connector 3, 3a in such a way that 
there is some slack in the portion of the end of the coil 
soldered to a coll connector. The slack is provided to 
prevent the connection from breaking loose to a shock 5 
from outside. 

A magnet 8a. which is made of a molded resin mag- 
net, is disposed around the outer circle of the coil 7. A 
notch 18 is provided in the magnet 8a to provide space 
for the coil connectors 3, 3a. This configuration results 10 
in a ring-shape magnet 8a that is reduced in size. 

The outer connector terminals 6a are made of a 
part of the first plate la and a part of the second plate 
5a, both of which protrude from the lower case 4a. 

According to the second embodiment, the number 75 
of components, compared to a conventional sounder, is 
reduced. In this embodiment, the first plate la and sec- 
ond plate 5a can be formed from a piece of metal plate, 
and can be separated by patching before, or after being 
molded to the lower case 4a. 20 

Embodiment 3 

Fig. 3A through Rg. 3D depict still another embodi- 
ment of the sounder according to the present invention. 25 
The same symbols are denoted for components that are 
the same as depicted in Embodiment 2. and the details 
of such components are omitted. Only the differences 
from Emtxxilment 2 are explained here. 

The upper case 10a has a protrusion 19 disposed 30 
on the inside of a top plate thereof, and ribs 20 situated 
on both sided of the opening or sound release path 12. 
The protrusion 19 prevents the diaphragm 9 from being 
deformed by a shock from outside. The ribs 20 prevent 
the diaphragm 9 from projecting into the sound release 3s 
path 12, thereby allowing the position and the size of the 
sound release path to be varied in a wide manner. Fur- 
ther, a rib 20a is provided in the sound release path 12 
so that the diaphragm can be positioned more accu- 
rately. 40 

The above embodiments of the sounder according 
to the present invention provide advantages over the 
conventional sounder in size and assenribly. Specifically, 
the number of components and steps are reduced, 
resulting in an improved and more efficient assembly 45 
process. As a result, a quality sounder with high per- 
formance and small in size is realized. 

The sounder according to the present invention 
provides a plate with the coil connector, thereby allow- 
ing the plate to function as a terminal or a connector to 50 
the outside. On the other hand, a conventional plate has 
only a magnetic circuit thereon. As a result, the number 
of components arxi processes relative to the winding 
and wiring of the coil are reduced, and efficiency and 
accuracy of the assemt^ly improved. Thus, high per- ss 
formance, as well as high quality, can be achieved 
simultaneously. 

In particular, the present invention has the following 
features: 



(1) When the upper face of the center pole is wider 
than the body thereof, the center pole prevents the 
coil wound around the center pole from being 
moved out into the magnetic gap between the 
center pole and the diaphragm. 

(2) When the center-pole-holding-part of the first 
plate is shaped to be cylindrical by drawing, this 
structure widens the contacting area with the center 
pole, thereby increasing efficiency of permeability 
of the contacting area. 

(3) When a solder pool (a dint) is provided as part 
of the coil connectors situated on the first and sec- 
ond plates respectively, this structure prevents sol- 
der from flowing out to a plate to which a magnet is 
adhered, when tx>th ends of the coil are soldered. 

(4) When the portion of a plate on which the coil 
rests is formed as a raised or protruded section of 
the plate, the ends of the coil are allowed to be in 
closer contact the connectors on each plate. 

(5) When the end of a coil is connected to a connec- 
tor with some slack in the end, rather in a taunt 
manner, this manner of making a connection pre- 
vents the connection from being broken due to 
shock from outside. 

(6) When a notch is provided in the magnet, the 
sounder can be reduced in size by positioning the 
coil connector in the notch. 

(7) When a protri^ion is provided on the inside of 
the top plate of the upper case, a deformation of the 
diaphragm Is prevented, and this structure can pre- 
vent the diaphragm from being deformed by a 
shock from outside. 

(8) When ribs are provided in the sound release 
path of the upper case for preventing a projecting of 
a diaphragm, this structure can prevent the dia- 
phragm from projecting into the sound release path 
as well as allow the position and size of the sound 
release path to be made from a wider anray of 
choices. 

(9) When a part or the lower case is exposed to the 
outside as a connector terminal, the plate can func- 
tion as connector terminal, th^eby reducing a 
number of connector terminals. 

(10) When a part of the first plate and the second 
plate respectively is exposed to outside of the lower 
case to form each connector terminal, both plates 
can function as a connector terminal, thereby 
reducing a number of connector terminals. 

(1 1) When the first and second plates are formed 
by a piece of metal plate and separated into two 
parts before or after being insert-molded to the 
lower case, further reduction of a number of compo- 
nents can be achieved. 

Of course, it should be understood that a wide 
range of changes and modifications can be made to the 
preferred embodiment descrifc)ed atx)ve and that the 
foregoing description be regarded as illustrative rather 
than limiting. It is therefore intended that it is the follow- 
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ing claims, including all equivalents, which are intended 
to define the scope of this invention. 



for releasing radiated sound to outside of the 
sounder from the upper case . 



List of Symbols Used in the Drawings 

1. first plate 
1a. second plate 

2. center pole 

3. coil connector 
3a. coii connector 

4. lower case 

5. second plate 
5a. second plate 

6. connector terminal to outside 
6a. connector terminal to outside 

7. coil 

8. magnet 
8a. magnet 

9. diaphragm 

10. upper case 
10a. upper case 

11. air chamber 

1 2. sound release path for radiated sound 

13. center pole 

14. cylindrical part 

15. dint 

16. coil wound part 

17. loose 

18. notch 

19. protrusion 

20. rib 
20a. rib 

Claims 

1 . A sounder comprising: 

(a) a first plate molded to a lower case, and 
whose case and a part of its periphery are 
exposed, said first plate having a center pole 
and a coil connector, 

(b) a second plate molded to a lower case, and 
whose base and a part of its periphery are 
exposed, said second plate having a coil con- 
nector, 

(c) a coil wound around the center pole, 

wherein each end of the coil is con- 
nected to a coil connector. 

(d) a magnet disposed on a periphery of the 
coil, 

(e) a diaphragm disposed above a periphery of 
the magnet and an upper face of the center 
pole. 

wherein a specified gap is formed 
between the upper face of the center pole and 
a bottom face of the diaphragm, and 

(f) an upper case coupled with the lower case 
so that the upper case blod^ the upper face of 
the diaphragm and forms a sound release path 



2. The sounder of Claim 1 . 
5 wherein the upper face of said center pole is 

wider than a main section said center pole itself, 

wherein the coil is prevented from moving 
into the specified gap. 

10 3. The sounder of Claim 1 , 

wherein a center-pole-holding part of the 
first plate for coupling the center pole to the plate is 
cylindrically-shaped. 

15 4. The sounder of Claim 3. 

wherein the cylindricaliy-shaped part of the 
first plate is raised relative to another portion of the 
first plate. 

20 5. The sounder of Claim 1 , 

wherein a dint tor pooling solder is provided 
on each of the coil connectors. 

6. The sounder of Claim 1 , 

25 wherein the end of the coil that is connected 

to a coil connector is flexible. 

7. The sounder of Claim 1 , 

wherein a notch is provided in the magnet as 
30 space for the coil connectors. 

8. The sounder of Claim 1 , 

wherein a protrusion is provided on a top 
plate of the inside of the upper case in order to pre- 
35 vent a deformation of the diaphragm. 

9. The sounder of Claim 1 , 

wherein a rib is provided in the sound 
release path of the upper case in order to prevent 
40 the diaphragm from projecting into the sound 
release path. 



10. The sounder of Claim 1. 

wherein a part of the plate is exposed to out- 
side of the lower case to form a connector terminal. 
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11. The sounder of Claim 10, 

wherein a part of the first and the second 
plates are exposed to outside of the lower case to 
form a connector terminal. 

12. The sounder of Claim 10, 

wherein the first and the second plates are 
formed by a piece of metal plate, which is separated 
into two parts before or after the two plates are 
molded into the lower case. 



5 



BNSDOCID: <EP ^07907S2A1_I_> 



EP 0 790 752 A1 



FIG. 1A FIG. 1C 




FIG. 1B 



t 



EP 0 790 752 A1 



FIG. 2A 



FIG. 2C 





8a I6I4I3 /a 7 



0^ 



FIG. 2D 



FIG. 2B 



BNSDOCID: <EP ^07907S2A1_L> 



7 



EP 0 790 752 A1 




FIG. 3C 





/s 















Sa 



8a IS f4 /3fci7 



FIG. 3B 



FIG. 3D 



8 



V 



EP 0 790 752 A1 



FIG. 4A 




FIG. 4B 



9NS0OCID: <EP 079a7S2A1 I > 



9 



EP 0 790 752 A1 



INTERNATIONAL SEARCH REPORT 




IntcnyiUooal appltcatioo No. 

PCT/JP96/02489 


A. CLASSIFICATION OF SUBJECT MATTER 
Int. Cl^ H04R13/00, G10K9/13 






Aooording to InteniBtional Pktcnt aaaslficatson (IPC) or to both nation 


al cUssilicadoi 


land IPC 


B. FIELDS SEARCHED 



Minimum documeauiioB searched (dasiifiGUioB system followed by dasaification symbols) 
Int. Cl^ H04R13/00, H04R13/02, G10K9/13 



Documeatttion sesrdied other than mtmmura documcsution to the extent that such documents arc included id the fields seiicfaed 

Jitsuyo Shinan Koho 1926 - 1996 
Kokai Jitsuyo Shinan Koho 1971 - 1996 
Toroku Jitsuvo Shinan Koho 1994 - 1996 

Electronic dsta base ooasttlted during the interaationsi search (name of dau base and, where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



* Sfiecaal catagoncs of citad dnmnirag: 

"A** docttatentdBfiDing the general stale of the Bit which is not CDBSidcfed 
lo be of psnimiBr tdeviBce 

"E" eafUcr document boipnfalishadoa or sfleriheiatcnslioaalfillagdaaa 

**L** docutneat wUch may throw doubts on priority eiaim(s) or which is 

died ID rstiMish the psMtcstios dsie of another citailon or other 

special icaon (as speofied) 
*X>** docu ment tefening to aa omi disclosure^ use. ezhihftioD or other 

"P** dm u i nr n t p o h K s hfd prior m ihc iatemstioaal faipg dsie but later than 
the priority date claimed 

Date of the actual complehoD of the iotenutioiial search 
November 5, 1996 (05. 11. 96) 

Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No- 



Porm PCT/ISA/210 (second sheet) (July 1992) 



Relevant to cUim No. 



1-12 



1-12 



1-12 



later docnmem published after the tatematioaai Sling daleor priority 
dale and act iu cxHifltct with the application but cited m iindiiMlBBd 
the prindpie or theory uederijrieg the ioveatioa 

**X** domoMit of paiitcular rdevaiMe; the rtaimrd tnveatios caaaoc he 
considered oovd or cansot be c o m id fred to tovolve aa ioveutiwe 
su^ when the d ocumr nt is taken alone 

It" doeumentof pastiailarielevaaoB:theciaiBodinvetttioacnaaothe 
coBsidrfrrt to involve an inventivB step when the ducu B wnt is 
comhinad with one or more other such do cu mr ni s. such cpm hinadon 
beingtrtipvious toa person skilled ia the art 

docume nt member of the saane patent Camfly 



Date of nuiliDg of the intertiational search report 

November 19, 1996 (19. 11. 96) 



Authorized officer 



Telepbone No. 



Category* 



Qiation of document, with intficaiion, where appropriate, of the rdevaat passages 

JP, 6-339197, A (Star Seimitsu K.K.), 
December 6, 1994 (06. 12. 94) (Family: none) 

JP, 62-204700, A (Matsushita Electric Ind. Co., 
Ltd . ) , 

September 9, 1987 (09. 09. 87) (Family: none) 

JP, 61-169098, A (TDK Corp.), 

July 30, 1986 (30. 07. 86) (Family: none) 



I I Further 



ate listed in the oonttnuaiion of Box C. | | See patent famity annex. 



10 



